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ABSTRACT 
A study of the Embarras River basin was conducted to 
determine if rate of growth could be used as an indicator of 
water quality. Six species of sucker were collected from 
five locations using hand seines and electrofishing gear from 
December 1970 to December 1971. Tests of eighteen water 
quality parameters were conducted from November 1970 to 
November 1971. 
The fish were measured and scale samples taken. The 
rate of growth of the fish taken at the five stations was 
analyzed and compared using the single classification analysis 
of variance. Condition factors ·were also compared. 
Although there was some difference in the rate of growth 
of the fish taken at the different stations, the difference 
could not be attributed to any single factor. 
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INTRODUCTION 
The present guidelines concerning water pollution are 
concerned mainly with the minimal limits of environmental 
factors and the toxic effect of chemicals on fish. These 
guidelines, while attempting to insure the survival of all 
native fishes, may not be adequate, however. Chronic sublethal 
dosages may have a serious affect on the total population by 
affecting growth, behavior, or the success of spawning. For 
example, a chronic sublethal dosage could eliminate a species 
from a river without ever causing a "fish kill" by interrupting 
the spawning behavior or shortening the life span of the fish. 
The ecological balance could easily be upset by stunting to 
the point that the balance of tropic feeding levels is upset. 
This study was undertaken to determine if fish taken from 
the same river system with uniform water quality and growing 
season, but varying habitats, would exhibit any significant 
variation in the rate of growth. If so, it might be possible 
to use rate of growth as a parameter in determining water 
quality standards. In such a study the fish selected for 
analysis must meet certain requirements: The age of the fish 
1 
2 
must be easily and accurately determined: the fish must be 
found in large enough numbers to make a study statistically 
valid1 and the fish must have a life span of several years. 
Several species of the Catostomidae family were chosen as 
meeting the above criteria. The Embarras River system in 
Coles County was selected not only for convenience but be-
cause of the lack of industrial pollution. Five stations 
were established: three on the Embarras River, one ori Lake 
Charleston and one on Kickapoo Creek. The stations were 
chosen according to the variation of habitats, location in 
relation to other stations, and area access. 
THE EMBARRAS RIVER 
The Embarras River originates in Champaign County south 
of the city of Champaign and runs south through Champaign and 
Douglas Counties, before entering Cole~ County. It is 132 
miles long and drains 2400 square miles of land which is mostly 
gently rolling and fertile. The land is extensively farmed and 
tiled so that the river carries a heavy silt load. The river 
enters Coles County near Oakland, Illinois and courses through 
the rough hilly country created by the Wisconsin glacier which 
culminates in a series of ridges just south of Charleston, 
Illinois. There are many small tributaries in this area which 
drain wooded areas and the silt load is much lighter. The 
river continues southward to where it drains into the Wabash 
River near Vincennes, Indiana. 
The following streams drain into the Embarras River in 
Coles County: Kickapoo Creek, Indian Creek, Riley Creek, 
Union Creek, Union Drainage #3, Cassell Creek, Greasy creek, 
Hog Creek, Little Embarras River (also known as Brush Creek), 
Polecat Creek, Rattlesnake Creek, and Whetstone Creek. Most 
of these tributaries are small and of little individual 
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consequence as far as the total drainage is concerned. However, 
Kickapoo Creek carries the treated sewage effluents of both 
Mattoon, Illinois, a town of about 25,000 people and of Charles-
ton, Illinois, population 16,500. 
Study Areas 
Station #1 - Ryan Bridge (39° 21' N by aa0 10' W). This 
station was the southernmost station at the boundary between 
Coles County and Cumberland County. The river here has the 
steepest gradient of the study areas, keeping the bottom clear 
of silt and detritus except for the deeper pools. The bottom 
is mostly gravel, rock and sand with frequent riffles and deep 
pools. The river varies between an average width of 10 feet 
and ·depth of 2 feet during low flow, to 80 feet wide and an 
average depth of 8 feet during periods of heavy runoff. 
Although it carries a heavy silt·load at high flow, it clears 
considerably at low flow. 
Station #2 - Highway Rt. #133 Bridge (390 39' N by aa0 
07' W). This is the northern most station approximately 3 miles 
west of Oakland, Illinois. The gradient is slight with the 
flow slow except during high flow at periods of heavy run-off. 
The bottom is mostly mud and sand with no riffles and few deep 
pools. The depth averages about 3 feet and the width about 30 
feet at low flow and 8 feet deep and 50 feet wide at high flow. 
The river here is turbid year round.· 
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Station #3 - Quarry Bridge (39° 28' N by 88° 12'W). 
This station is located approximately 5 miles east of Charles-
ton, Illinois and one mile upstream from the Highway Rt. #16 
Bridge. Here the effect of Lake Charleston shows an effect 
on the river. The river is very sluggish and varies little 
in depth. The only riffle was created by the quarry company 
as a place to ford the river. The bottom is mud with much 
detritus. The sides are steep with the width varying little 
even during high flow. The depth varies from 5 feet during 
low flow to 10 feet during high flow and the width 40 feet 
during low flow to 50 feet during high flow. The water remains 
quite turbid year round. 
Station #4 - Kickapoo Creek Bridge (39° 28' N by 88° 12' 
W). Kickapoo Creek is approximately 5 miles south of Charleston 
and approximately 2 miles from its mouth where it enters the 
Embarras River. This is a permanent stream which drains the 
partially wooded and partially tilled land between Mattoon, 
Illinois and Charleston, Illinois and,as mentioned, receives 
the treated sewage effluents of both cities. The bottom is 
mostly of sand and gravel with many riffles and pools. Th.e 
depth and width vary greatly with the flow. However, the 
average depth is 18 inches with an average width of 15 feet. 
The water becomes very turbid during periods of high flow but 
clears quickly as the flow slows. 
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Station #5 - Lake Charleston. Lake Charleston is located 
about 2 miles southeast of Charleston, Illinois covering 337 
acres and receives the drainage of about 850 sq. miles. The 
lake was formed in 1947 to provide a dependable source of water 
for the city. The depth of the lake varies with the flow over 
the spillway but averages about 4 feet. The spillway has an 
elevation of 552 feet at its base and the top is at 580 feet 
above sea level, however, most of the lake is silted in so 
that the maximum depth during flooding is only about 10 feet. 
The shoreline measures about 5.6 miles at normal pool. There 
are cottages on the lake many of which have either overflowing 
septic tanks or leech pipes allowing some raw sewage to enter 
the lake. 
MATERIALS .AND METHODS 
Water quality tests were run at the five designated 
stations for one year. Samples were taken between 8:00 AM 
and 11:00 AM once a week except during the months of January 
and February when samples were collected every other week. 
The chemical tests were carried out using premeasured Hach 
chemicals and the Hach colorimeter. Water temperature and 
pH (electrometric) were measured in the field. The following 
chemical analyses of the water were done in the laboratory: 
Total Iron 
Dissolved Iron 
Phenanthroline Method (12th 
Edition of Standard Methods) 
- Same as total iron. Test 
made after passing sample 
through 0.45 micron filter. 
Total Manganese - Persulfate Method (12th 
Edition of Standard Methods) 
Dissolved Manganese - Persulfate Method as above, 
test made after passing sample 
through 0.45 micron filter. 
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Alkalinity 
Hardness 
Nitrate 
Nitrite 
Total Phosphate 
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- Acid Titration Method (12th 
Edition of Standard Methods). 
A pH meter was used in place 
of a color indicator to 
determine the end points of 
pH 8.3 and pH 4,5. 
- EDTA Titrimetric Method (12th 
Edition of Standard Methods) 
- Modified Brucine Method 
(Analytical Chemistry, Jenkins 
and Medskel, 1964, volume 36, 
page 610). 
- Same as above. 
- Aminonaphtholsulfonic Acid 
Method (12th Edition of 
Standard Methods) · 
Dissolved Phosphate - Stannous Chloride Method (12th 
Conductivity 
Edition of Standard Methods) 
Test run after filtering 
sample through 0.45 micron 
filter. 
- Measured by Applied Research, 
Austin Inc. meter, Model TC. 
Meter calibrated according to 
manufacturer's recommendations. 
BOD 
Temperature 
pH 
Dissolved Oxygen 
Solids (total fil-
terable and non-
filterable) 
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- 5-day (12th Edition of 
Standard Methods) 
- Measured by a standard ther-
mometer. Results recorded 
to the nearest 0.5. 
- Measured by Bechman Model 
100901 pH meter. Meter 
calibrated to pH 4, 7 and · 
10 buffers at the beginnings 
of each day of use. Cali-
bration checked against the 
pH 7 buffer before every 
reading. 
- Azide Modification of the 
Iodometric (12th Edition of 
Standard Methods) •. 
- Fixed Residue Method (12th 
Edition of Standard Methods, 
p. 247) • 
Water tests were in conjunction with an Army Corps of 
Engineers study of the Embarras River system. Sample areas 
were also identical to the Army Corps of Engineers study. 
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The fish used in the study were of the Catostomidae 
family as follows: 
Silver Redhorse Sucker - Moxostoma anisurum (Rafinesque) 
Golden Redhorse Sucker - Moxostoma erythrurum (Rafinesque) 
Northern Redhorse Sucker - Moxostoma macrolepidotum 
(Lesueur) 
Spotted Sucker - Minytrema melanops (Rafinesque) 
White Sucker - Catostomus commersoni (Lacepede) 
Hog Sucker - Hypentilium nigricans (Lesueur) 
The family and species were selected as previously indi-
cated because of the convenience of use. Fish were collected 
within a one mile area of the indicated stations. Collections 
were made using electrofishing techniques both with a 115 volt 
AC electric seine and a boat mounted 230 volt AC electrofishing 
rig, as well as with 1/2" and 3/4" mesh net seines. The par-
ticular techniques used were dictated by the size and depth of 
the particular area. Fish were weighed to the nearest ounce 
and measured to the nearest tenth of an inch on location 
except for the smaller fish (below 7") which were returned to 
the laboratory for measurement. Six scales were taken starting 
six scales back from the opercle from the scale row immediately 
above the lateral l,ine (Ricker, 1968) • Permanent scale mounts 
were.made as described by Arnold (1951) and read by using a 
rayoscope and 5X projection. The annual rings were marked on a 
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strip 0£ cardboard and the amount of growth per year was then 
calculated. Casual observations were made concerning the life 
histories and populations of the species involved. 
RESULTS 
Water Quality Analysis 
The values for all of the parameters and especially 
suspended solids, phosphates, nitrates, BODs and temperatures 
varied substantially through the year as indicated in table 1. 
J2!! - Little fluctuation at any station or between 
stations. However, the values at station 5 were 
slightly higher than the other stations. 
~- - At first glance the concentrations at station 
3 and station 5· appeared to be significantly higher 
than the other stations, but an analysis of variance 
using a 95% confidence limit showed no significant 
difference. The peak readings at station 3 were in 
late August and early September, while at the other 
stations the highs were between December and April. 
Aside from those four high readings at station 3 
the levels at all the stations followed the same 
trend. The high readings at station 3 occurred 
simultaneously with an observed algal bloom, and 
were-no doubt a result of that bloom. 
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Table l 
Parameters 
pH 
Dissolved 
Oxygen 
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Summary of water quality data on the Embarras 
River basin November 1970 to November 1971 
Ave. 
Min. 
Max. 
Ave. 
Min. 
Max. 
Station 
#1 
7.8 
7.2 
8.4 
9.0 
5.4 
14.2 
Location 
Station Station 
#2 #3 
7.7 7.8 
7.0 7.2 
8.1 8.4 
a.a 9.7 
4.5 6.0 
14.4 17.l 
Station 
#4 
7.7 
7.3 
8.1 
8.1 
3.5 
13.6 
Station 
#5 
8.0 
7.5 
8.5 
9.5 
3.9 
15.7 
Temperature Ave. 59.4 53.l 54.1 57.6 59.6 
Min. 32.0 32.0 32.0 32.0 32.0 
Max. 82.0 82.0 84.0 78.5 84.0 
Total Ave. 98.9 84.6 167.0 52. 7 35.9 
Suspended Min. 3.6 3.6 3.2 1.1 1.0 
Solids Max. 2050.0 2042.0 5958.0 1044.0 215.0 
Volatile Ave. 35.1 25.4 28.6 24.l 19.1 
Suspended Min. 1.6 0.5 0.0 0.5 0.4 
Solids Max. 517.0 240.0 506.0 156.0 185.0 
Total Ave. 380.0 421.1 405.5 467.7 366.7 
Dissolved Min. 101.0 150.0 120.0 110.0 90.0 
Solids Max. 724.0 1195.0 1030.0 800.0 747.0 
Volatile Ave. 159.1 179.3 151.1 147.3 152.9 
Dissolved Min. 5.0 25.0 1.0 3.0 9.0 
Solids Max. 381.0 446.0 375.0 340.0 475.0 
Total Ave. 2.6 1.3 1.1 9.8 0.8 
Phosphates Min. 0.5 0.1 0.1 0.1 0.1 
Max. 25.0 6.8 11.0 40.0 0.0 
Soluble Ave. 1.7 0.7 0.6 6.9 0.6 
Phosphates Min. o.o o.o o.o o.o o.o 
Max. 12.0 1.6 1.6 25.0 6.9 
Nitrate Ave. 22.l 23.5 22.7 25.0 22.1 
Nitrogen Min. o.o o.o o.o o.o o.o 
(N03) Max. 51..6 61.2 50.6 60.0 61.0 
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Table 1 cont. 
Parameters Locations 
Station Station Station Station Station 
#1 #2 #3 #4 #5 
Nitrite Ave. 0.2 0.1 0.1 o.8 0.4 
Nitrogen Min. o.o o.o o.o o.o o.o 
(N02) Max. 0.1 0.4 0.6 5.0 0.1 
Total Ave. 0.14 0.14 0.14 0.14 0.15 
Iron Min. 0.0 o.o o.o o.o o.o 
Max.· 1.3 0.6 1.2 0:9 0.8 
Dissolved Ave. trace trace trace t_race trace 
Iron Min. o.o o.o o.o o.o o.o 
Max. 0.5 0.1 0.1 0.1 0.3 
Total Ave. o.o o.o 0.5 0.8 trace 
Manganese Min. o.o 0.0 o.o o.o o.o 
Max. o.o o.o 0.5 0.8 0.5 
Dissolved Ave. trace trace trace trace trace 
Manganese Min. o.o o.o o.o o.o o.o 
Max. o.o o.o 0.3 o.s o.o 
Calcium Ave. 187 191 171 198 151 
Hardness Min. 110 65 50 90 40 
Max. 345 400 305 335 280 
Total Ave. 327 335 309 315 291 
Hardness Min. 200 110 185 170 180 
Max. 475 480 470 440 450 
Alkalinity Ave. 224 226 223 217 220 
Min. 130 55 114 96 101 
Max. 307 295 283 310 265 
Conductivity Ave. 283 295 286 327 267 
Min. 180 70 135 140 160 
Max. 370 385 380 450 360 
BOD Ave. 1.68 1.77 2.02 2.71 2.45 
Min. o.oo 0.05 o.oo o.so o.oo 
Max. 4.40 5.10 5.80 6.30 7.20 
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Temperature - The water at station 4 remained 
-slightly cooler than that at any of the other 
stations probably due to its small size and in-
creased proportion of ground water. 
Total and volatile solids - The levels fluctuated 
erratically within the stations except at station 
S where the levels were the lowest by far. This 
was.probably due to the settling effect of the 
lake. Peak concentrations of suspended solids 
corresponded with peak concentrations of nitrates 
and roughly with river flow. No doubt the in-
fluence of erosion due to the cultivation of row 
crops was demonstrated here. 
Total and volatile dissolved solids - The levels 
at station 4 were slightly higher than at any of 
the other stations. Little seasonal fluctuation 
was noted at any station. 
Total and soluble phosphates - The concentrations 
at station 4 were the highest by far with the 
second highest concentrations obtained at station 
1. The peak concentrations were found during late 
summer at low river levels. The industrial and 
domestic wastes from Mattoon and Charleston were 
probably an influence here. 
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Nitrate Nitrogen - The tests for N03 indicated 
extremely high concentrations at all stations, 
with peaks during the spring and early summer 
showing the influence of extensive agricultural 
fertilization. At station 4, high levels con-
tinued into the fall at low river levels, which 
once again reflected the sewage effluents of 
Mattoon and Charleston. 
Nitrite Nitrogen - Except for station 4, the 
levels of concentrations at all stations were 
quite low and corresponded directly with the 
N03 levels. At station 4 the effect of the 
sewage effluents was seen as high levels of N02 
throughout the year, even when the N03 levels 
were low. 
Total and dissolved iron - Concentrations seemed 
to relate directly with the river flows with 
little difference between stations. 
Total and dissolved manganese - Trace amounts 
were found at stations 3, 4, and 5 on several 
occasions. 
Total and calcium hardness - The least amount of 
hardness was found at station 5 with the other 
stations indicating little variation. There 
seemed to be a slight seasonal change with the 
higher hardness values corresponding to the 
lower temperatures. 
Alkalinity - There seemed to be no variation 
between stations with a slightly decreasing 
relationship with increasing temperatures. 
Conductivity - The higher conductivity readings 
were taken at all the stations at the lower 
temperatures. The readings were similar at 
all stations except station 4. The highest 
readings were taken at station 4 • 
.!!Q.Q. - Levels at station 4 and station 5 were 
significantly higher than at the other three 
stations as indicated by an analysis of var-
iance using the 95% confidence limit for F. 
Levels of over 5.0 ppm were found at stations 
2, 3, 4, and 5. A high of 7.2 ppm was found 
at station 5. 
Fish Growth Analysis 
A single classification analysis of variance was computed 
to determine if there was a statistically valid (5% for F) 
difference between the growth rates of the suckers at the 
various stations (Table 2). Although the statistical analysis 
showed an increased rate of growth at station 5 for total 
18 
. length an examination of growth increment per year illus-
trates just where the increased growth occured (Figures l 
through 3). Table 3 shows the average calculated total 
length in inches of the suckers collected at the various 
stations. Table 4 illustrates the species composition of 
the suckers found at the various stations and table 5_ shows 
the age distribution. 
The condition factor (C or K) was computed using the 
modification suggested by Thompson and Bennett (1939) in a 
study of lake management. 
The formulas used are: 
C = w X lOiOOO (for fish measured in inches and 
L3 ounces) 
K = w X 100 (for fish measured in centimeters 
L3 and grams) 
This modification converts the c or K into a whole number. Two 
species, the golden redhorse and the spotted sucker were taken 
in large enough numbers from all five stations to allow an 
analysis. Individuals captured during the course of an entire 
year were used. No statistically significant (5% for F) 
difference in the condition of the fish analyzed was found 
when comparing the fish collected at the various stations. 
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Comparison of the growth rates of northern 
redhorse suckers taken from the five sampling 
stations in the Ernbarras River basin December 
1970 - December 1971. 
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Comparison of the growth rates of golden redhorse 
suckers taken from the five sampling stations in 
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the Embarras River basin December 1970-December 1971. 
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Comparison of the growth rates of spotted 
suckers taken from the five sampling stations 
in the Embarras River basin December 1970-
December 1971. 
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Table 2 Comparison of calculated growth rates between five 
stations in the Embarras River basin for each age 
class for four species of Catostomidae using the 
single classification analisis of variance. 
GgJ.den Redhorse sucker Northern Redhorse Sucker 
Age Age 
Class Station Class station 
I 1.>2 2~3 3<4 4>5 I 1:2 2~3 3:5 
1>3 2<4 3 ::5 1>3 2.:: 5 
1::4 2~5 1:: 5 
1>5 
II 1>2 2~3 3<5 II 1=2 2:: 3 3<5. 
1>3 2<5 1=3 2~5 
1~5 l.<5 · 
III 1~2 2=3 3<5 1:: 3 3<5 
1>3 2<5 1<5 
1<5 
IV 1>2 2<3 3<5 
1~3 2<5 
1<5 
V 1::: 2 2<3 3<5 
1~3 2<5 
1<5 
seotted sucker Northern Hog: Sucker 
Age Age 
Class Station Class Station 
I 1>2 2<3 3::4 4<5 I 1:: 2 2:: 4 
1~3 2::4 3<5 1~4 
1:::4 2<5 
1~5 
II 1~2 2<3 3=4 4<5 II 1~2 2~4 
1::: 3 2::4 3<5 1~4 
1~4 2<5 
1~5 
III 2~3 3~4 4<5 
2::4 3<5 
2<5 
IV 2::3 3<5 
2<5 
V 2<3 
Table 3 
STATION 
NUMBER I 
l 2.8 
2 2.2 
3 2.1 
4 2.7 
5 2.1 
1 3.6 
2 3.2 
3 2.5 
4 2.2 
5 3.1 
l 3.1 
1 3.0 
2 2.3 
3 2.9 
4 2.5 
5 3.6 
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Average calculated total length in inches of 
suckers collected at stations in the Embarras 
River basin December 1970 - December 1971. 
AGE CLASS 
II III IV V 
Golden Redhorse 
5.1 7.0 8.9 10.4 
4.1 6.8 8.4 10.2 
4.4 6.7 8.8 10.5 
4.9 7.4 8.4 10.2 
5.0 7.8 10.l 11.6 
Northern Redhorse 
6.2 8.3 9.8 10.9 
6.8 9.4 
5.6 8.3 
----
3.9 4.4 
----
8.1 11.0 13.l 
Silver Redhorse 
5.0 7.3 9.7 11.4 
Spotted Sucker 
s.o 7.0 
4.1 5.6 7.0 
4 .. 8 6.2 7.6 9.1 
4.8 6.1 
6.1 8.0 9.6 9.9 
VI 
11.l 
11.4 
11.5 
11.3 
12.l 
11.8 
13.5 
10.0 
10.2 
24 
Table 3• cont. 
STATION AGE CLASS 
NUMBER I II III IV V VI 
Hog Sucker 
1 3.2 5.3 6.9 8.9 10.2 
2 2·.6 4.7 
3 2.4 
4 3.1 4.6 6.3 
5 
common White sucker 
1 
2 3.5 6.2 7.9 
3 2.9 
4 4.0 7.3 8.4 
5 3.8 
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Table 4 Species composition of Catostomidae by station 
collected from the Embarras River basin 
December 1970 - December 1971. 
Species Stations 
1 2 3 4 
No % No % No % No % No 
Golden 
Redhorse 88 44% 112 54% 134 65% 35 17%· 58 
Northern 
Redhorse 65 32% 10 4% 11 5% 1 1% 12 
Silver 
Redhorse 10 
Spotted 
sucker 14. 7% 72 35%. 55 27% 12 6% 129 
Hogsucker 24 12% 8 4% 2 1% 25 12% 
Common White 
Sucker 7 3 2% 132 64% 2 
5 
% 
29% 
6% 
64% 
1% 
Total 201 100% 202 100% 205 100% 205 100% 201 100% 
Table 5 
Species 
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Age distribution of suckers collected from the 
Embarras River basin December 1970-December 1971. 
Station Age Class 
I II III IV V VI VII VIII IX 
Golden Redhorse 
1 11 9 0 15 27 16 5 0 0 
2 7 15 2 32 23 26 5 0 0. 
3 4 2 4 24 68 25 5 0 0 
4 31 0 0 0 0 0 4 0 0 
5 1 0 2 15 27 8 6 0 0 
Northern Redhorse 
1 33 7 2 5 12 6 3 0 0 
2 0 8 0 1 0 0 1 0 0 
3 0 5 0 0 6 0 0 0 0 
4 0 0 0 0 0 0 1 0 0 
5 0 3 1 5 2 0 0 0 0 
Silver Redhorse 
1 0 0 0 0 0 4 3 1 0 
Spotted Sucker 
1 4 6 1 0 3 0 0 0 0 
2 2 24 9 21 12 4 0 0 0 
3 13 16 7 5 7 3 0 1 2 
4 2 3 2 0 1 4 0 0 0 
5 65 39 13 3 4 0 0 0 0 
Hog Sucker 
1 6 5· 2 5 3 4 0 0 0 
2 1 4 1 0 0 1 0 0 0 
3 1 0 0 0 1 0 0 0 0 
4 14 6 1 4 0 0 0 0 0 
Common White 
Sucker 2 0 1 2 4 0 0 0 0 0 
3 1 0 1 0 1 0 0 0 0 
4 37 70 26 0 0 0 0 0 0 
5 0 0 2 0 0 0 0 0 0 
Total - all species 
combined 1 54 27 5 25 45 30 11 1 0 
2 10 51 14 54 35 31 38 0 0 
3 19 23 12 29 83 28 5 1 2 
4 84 79 29 4 1 4 5 0 0 
5 66 42 18 23 33 8 6 0 0 
DISCUSSION 
The factors which are commonly accepted as influencing 
growth are temperature, food availability, and the dissolved 
oxygen concentration. Within the areas studied there was no 
significant difference in temperature or dissolved oxygen. 
Therefore, it appears that any difference in the rate of 
growth of the fishes studied must be due to the availability 
of food. A few water quality parameters have been used as 
indices of productivity and naturaly food availability. 
Moyle (1946) reported that very low levels of Ca Hardness, 
nitrate nitrogen, and phosphates were usual~y associated with 
poor production. Others (Ball and Tanner, 19511 Smith and 
Swingle, 1938) reported that inorganic fertilization of ponds 
increased production on all levels from phytoplankton to the 
top level consumer. Organic sources of fertilization such as 
from a sewage treatment plant where it is measured as BOD, 
can also increase production as long as the dissolved oxygen 
concentrations are not lowered to a stress point (Katz and 
Howard, 1955). Thus one can assume that the sampling stations, 
ranked in decreasing order of total production would be as 
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follows: 4, 2, 3, 5, 1. The potential for productivity was 
by far the greatest at station 4 with the other stations lower 
and fairly similar. Total production and the rate of growth 
of fish should increase almost in direct proportion (Warren, 
1971). The actual rate of growth of the fish collected at 
each station indicated a contradiction to the afore mentioned 
reasoning. According to this index station 5 provided the 
best conditions for growth with the other stations being 
fairly similar. 
Other factors obviously play a part in the growth of 
fish. Habitat, a term which includes all the physical para-
meters such as velocity, depth, total drainage, substrate, 
and.volume of water, could be as important as the water 
quality. Each station was totally different in regard to 
habitat. Each station was also different in regard to the 
composition of the population. At station 1 the river was 
fast moving with a series of riffles and pools. The bottom 
consisted mostly of sand and gravel. This was also the 
farthest downstream station. The fish population here was 
quite diverse. Northern redhorse were found here in the 
largest numbers of any of the stations, almost equaling the 
number of golden redhorse. This was the only station where 
silver redhorse were found, and the only station where no 
white suckers were found. At station 2 the river was sluggish 
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and meandering with shallow pools. This was the most upstream 
station with a bottom substrate of silt and detritus. The 
population here was dominated by the golden redhorse with 
spotted sucker also making up a substantial portion of the 
population. Hogsuckers, white suckers and northern redhorse 
made up only a small portion of the total. At station 3 the 
influence of Lake Charleston was evident. There was very 
little flow except during flooding and the bottom was of mud 
and detritus. This station was similar to station 2 in 
species composition, except that the golden redhorse was 
found in even greater numbers. Station 4 was on Kickapoo 
Creek about one mile from its juncture with the Embarras 
River. This creek is only about one third the size of the 
Embarras River and the substrate is similar to that at 
station 1. White suckers dominated this area. Hogsuckers 
and golden redhorse were found in fair numbers. Only one 
northern redhorse was found as were a few spotted suckers. 
Station 5 was on Lake Charleston. This is a shallow lake 
with a silt and detritus bottom. Spotted suckers were found 
here in the greatest numbers. Most of them were less than 4 
years old. Golden redhorse and northern redhorse were found, 
but only of the older age classes. Only one white sucker was 
found and no hogsuckers were found. 
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Patriarche and Campbell (1958) observed that the golden 
redhorse adapted readily to the lake habitat as was evidenced 
by increased growth. However, they also found that this in-
creased growth lasted only a few years at which point the 
growth rate declined. Hall and Jenkins (1953) and Finnell 
(1956) found the golden redhorse to be better adapted to a 
river than a lake. If the golden redhorse were to show an 
influence from the lake type habitat at station 5 the rate of 
growth should have normalized by 1970. In this particular 
lake habitat the golden redhorse was definitely favored. 
However, the high amount of organic enrichment supplied by 
the continual addition of raw sewage from the many homes along 
the lake front must also be a factor. The golden redhorse at 
station 3, which provided the most similar habitat showed a 
similar, but not nearly as pronounced, growth response. The 
growth rate did not reflect the rich and lean years of the 
normal fluctuating river circumstance that was reflected in 
the growth rates at the other stations. The poorest year of 
growth was the first year at both stations 3 and 5. Based on 
the number of first and second year golden redhorse found, it 
may be assumed that those years were spent outside the lake. 
The lowest species diversity was found at station 5. 
The spotted sucker population which was dominant must either 
have been spawned in or near the lake as evidenced by the 
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large numbers of young-of-the-year fish. In a study on Lower 
Spavinaw Lake in Oklahoma by Jackson (1957) a similar circum-
stance was found. The spotted suckers were the most abundant 
catostomid and most were within the first four year classes. 
This type of species dominance was also evident at the other 
stations. Each type habitat favored a particular species. 
This seemed most evident in the case of the white sucker at 
station 4, the silver redhorse at station 1, the spotted 
sucker at station 5, and the golden redhorse at stations 2 
and 3. 
The catostomid population at station 1 appeared to be 
the most diverse. The presence of the large number of northern 
redhorse, hogsuckers and the presence of silver redhorse, all 
of which are considered to be intolerant of most types of 
pollution, would indicate that this area was the most favorable. 
The water quality tests also substantiate this observation. 
However, the growth rate at this station was the greatest only 
during the first year. The overall growth rate was not much 
greater than at stations 2, 3, and 4 and far less than at 
station 5. This might indicate that growth, although indic-
ative of a high rate of productivity, may not be reflective 
of a healthy population. 
The use of the condition factor as an indicator of the 
general well-being of the populations at the various stations 
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indicat~d very little difference between stations. The rate 
of growth can therefore be assumed to be a more sensitive 
indicator of production. 
The growth rate of the fishes analyzed in this study 
did not compare well with that found in studies in surrounding 
states. The growth rates of redhorse in Iowa (Meyer, 1962), 
Missouri (Purkett, 1958), Oklahoma (Jackson, 1957 and 1966: 
Elkin, 1954), Tennessee (Krumholz, 1956), and Kansas (Greer 
and Cross, 1956) were far superior to the growth rates found 
in this study. However, the growth rate was very similar to 
that found by Lewis and Elder (1953) and Lewis (1957) in 
similar streams in southern Illinois.· 
CONCLUSIONS 
The water quality varied between sampling stations as 
did the habitat. However, variations in the growth rate of 
the suckers could not be attributed entirely to either water 
quality or the habitat. A combination of many factors which 
could not be separated controlled the growth rate of the fish 
in this study. Therefore, growth rate alone cannot be used 
as a water quality indicator. 
LITERATURE REVIEW 
Throughout history man has depended upon fish for a large 
portion of his food. This has prompted man to develope methods 
for the culturing of his favorite species. Studies in the use. 
of scales for age and growth rate determination have been impor-
tant tools· in increasing production. Baudelot (1873, cited by 
Adams 1931) found that the concentric rings on the scales of the 
eel might be used to determine the age since they corresponded 
. 
to periods of growth. Hoffbauer (1898, cited by Adams 1931) 
showed that the scales of carp could be used to determine its 
age. Van Oosten (1929) established the following criteria which 
must be met before any estimates on the growth rate of a fish 
can be determined: 
1. That the scales remain constant in number and 
(retain their) identity throughout the life of the 
fish. 
2. That the annual increment in length (or some 
other dimension which must then be used) of the 
scale maintains, throughout the life of the fish, 
a constant ratio with the annual increment in 
length. 
3. That the annuli are formed yearly and at the 
same time each year (or that some other discoverable 
relation exists between their formation and incre-
ment of time). 
Adams (1931) described the building of the scale and explained 
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its use in aging fish. With each year of growth a new layer 
of tissue is laid down increasing the size of the scale as the 
fish increases in size. The layering is then represented by 
the small lines, 11 circuli 11 , imprinted on the scale. Fish in 
temperate zones experience a marked reduction in the rate of 
growth or a period of dormancy in the winter season. This is 
reflected in the circuli of their scales being close together 
or stop formation. As the season changes and the fisll become 
more active and begins feeding the circuli become spaced 
farther apart. A years growth is considered to be the dis-
tance between one area in which the circuli are very close 
together to the next such area. A number of conditions may 
cause a variance in the spacing of circuli. Thus, the con-
ditions under which the fish has grown may also be indicated. 
In 1948 Hile described a nomograph which could be used 
to back calculate the growth of a fish during ·any year of its 
life. This method is based on Van Oosten's second premise, 
that of a straight-line relationship in which the increment of 
growth of a scale is directly proportional to that of the 
length of the fish. Hile's nomograph had meter scales with 
the total scale length and annuli marked on it and the other 
with the total length of the fish at the time of capture. 
This nomograph was a modification of that described by Car-
lander and Smith (1944) and could also be used when the scale 
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measurement was not described as a straight line. Methods Of 
reading the actual scales to determine the annuli have also 
been improved. Arnold (1951) described the use of a roller 
press in the preparation and mounting of the scales for 
analysis. The method used a standard type jeweler's roller 
press and heated soft plastic slides to produce clear perma-
nent impressions. Lambou (1963) found that 0.03 inch thick 
plastic worked best if a smaller press was used. 
several summaries of age and growth studies in the 
United States have been published recently. Carlander (1969) 
imphasized the North American freshwater species and included 
a complete bibliography and description of almost all fishery-
related work up to the time of his publication. In a handbook 
published in 1968 Ricker described the use for analysis of the 
scales taken from above and below the lateral line and anterior 
to, or directly below the dorsal fin. He also suggested the 
use of those scales between the ends of the pelvic fins as the 
fins lie flat against the body. He recommended using at least 
six scales from the same scale row at the same point on each 
fish to provide for the least amount of variation. 
In this study members of the sucker family (Catostomidae) 
were examined. The species studied were: white sucker 
(Catostomus commersoni Lacepede), golden redhorse sucker 
(Moxostoma erythrurum Rafinesque), silver redhorse sucker 
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(Moxostoma anisurum Rafinesque), northern redhorse sucker 
(Moxostoma macrolepidotum Lesueur), spotted sucker (Minytrema 
melanops Rafinesque), and the northern hogsucker (Hypentilium 
nigricans Lesueur). These forms were chosen because of their 
abundance and their longevity of life. These members of the 
Catostomidae family are also quite common in many midwestern 
streams. Meyer (1962) found the golden redhorse, silver red-
horse, and the northern redhorse to be abundant in the Des 
Moines River which is very similar in habitat when compared to 
the Ernbarras River. Forbes and Richardson (1920) found most 
species of the sucker family abundant in all Illinois river 
systems. Thompson and Hunt (1930), and Larimore and Smith 
(1960) found white suckers and hogsuckers in the headwater 
regions of the Ernbarras River in Champaign County, Illinois. 
Durham and Whitley (1971) found that those species of the 
sucker family used in this study maintained substantial popu-
lations throughout the Ernbarras River in Coles County, Illinois. 
The first major study on a member of the sucker family 
was described by Stewart (1926). He found that white sucker 
fingerlings of 1 1/2 inches in length exhibited a difinite 
annual ring on their cycloid scales and that aging by the use 
of scales was accurate to the age of about seven years. 
Spoor (1938), again with the white sucker, qualified the use 
of scales to determine age of fish using the rules originated 
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by Van Oosten in 1929. He found the Van Oosten system to be 
valid. The annulus was easily recognizable by the crowding of 
circuli and the cutting over of the circuli at or near the 
point they entered the posterior field. Raney (1942) in 
contrast to the previous studies, found aging of the white 
sucker to be very difficult. Later, Raney (1946) used another 
member of the sucker family, the northern hogsucker, and noted 
0 
that annulus formation occured the first half of May •. 
Jackson (1957) verified the use of scales to age the spotted 
sucker. Meyer (1962) used the scales of the golden redhorse, 
the silver redhorse, and the northern redhorse in an age 
growth study and was able to verify the age determined by 
scale analysis. 
The rate of growth of a given fish is an accumulation of 
many factors, the most important of which were described by 
Bennett (1962) as: (1) the genetic growth po~ential1 (2) food 
availability (the most important factor in above average size 
fish) 1 and (3) the length of the growing season. Fry (1947) 
classified and related an animals metabolic capacity to its 
environment. He coined the term "scope for activity" as the 
difference between a fishes standard and maximum metabolic 
rates. As environmental factors change so does the "scope 
for activity". He classified the factors which influenced 
the well being of any organism as lethal factors, masking 
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factors, controlling factors, or limiting factors depending· 
on the affect on the organism. The controlling factors would 
influence the state of activation of the metabolites in 
governing the metabolic rate and affect both the standard 
and the active metabolic rates. A limiting factor governed 
only active metabolic rates because its availability limited 
the metabolic rate. Temperature could be classified as a 
lethal factor or a controlling factor1 however, it was 
usually considered to be a controlling factor since the 
organisms metabolic rates were directly affected by temp-
erature. oxygen usually acted as a limiting factor since 
its availability affected the metabolic rates. Averett 
(1969, cited by Warren 1971) showed that juvenile coho 
salmon (Oncorhynchus kisutch Walbaum) were deleteriously 
influenced by temperature. Hutchins in unpublished data and 
Fisher (1963), both cited by warren (1971) also used coho 
salmon to show the influence of oxygen availability. 'When 
food availability was unrestricted, oxygen availability 
became the limiting factor for growth in that at levels 
below 6 mg/Land at very high levels, growth was restricted. 
Food availability is probably the single most important 
factor in growth. Lee (1969), and Brocksen, Davis and Warren, 
(1968), all cited by Warren (1971), found that as food 
availability was increased, growth increased. In a natural 
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population the food available to the total population is not 
distributed equally among all members. Behavioral charac-
teristics play a role in that the larger or more dominant 
fish occupy the best feeding areas and therefore are likely 
to consume the most food. 
Some substances which are toxic can cause stress and 
may decrease the availability of oxygen and energy for 
processes involving growth. Pentachlorophenol, used in 
wood products, and Dieldrin, which is a pesticide, have 
been shown to have detrimental effects on growth (Warren, 
1971). The biological oxygen demand (BOD) has been found 
to indicate the role of organic material in the rate of 
growth. It can provide an estimate of the amount of 
nutrient material present and therefore the potential for 
growth. A reduction in growth was noticable to Tokar 
(1968, cited by Warren 1971) at higher rates of food con-
sumption when the BOD values were 3 mg/L. However, this 
was in conjunction with toxic substances not far below 
lethal dosages. Since food availability seems to be a 
' 
primary concern, changes in the environment may affect the 
availability of food and therefore influence growth or 
other aspects of the physiology of an organism. 
Studies dealing with fish culture in ponds have shown 
that there is a definite correlation between the amount of 
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nutrient available and plankton production which relates 
directly to the growth of fish and fish production. In-
organic fertilizers have been used to increase fish growth 
and total production (Rounsefell, 19531 Smith and Swingle, 
19381 Ball and Tanner, 19511 and Ball, 1949). Katz and 
Howard (1955) found that increased organic levels in a 
stream increases growth in creek chubs (Semotilus atroma-
culatus Mitchill). In this case the source was a sewage 
treatment plant outfall. The growth of fish above the 
effluent was less than that in the lower recovery zone and 
the lower cleanwater zone. Growth was rapid in the upper 
recovery zone but dropped off rapidly as the summer pro-
gressed, presumably due to the inhibitory effects of the 
high BOD and low dissolved oxygen typical of an upper re-
covery zone. 
Impounding rivers has also been found to affect the 
growth of some fish. Patiarche and Campbell (1958) found 
that the growth rates of the golden redhorse sucker 
(Moxostoma erythrurum Rafinesque) in 1947 in a new reservoir 
were greater than in the stream before impoundment. However, 
by 1953 the growth rate had declined so that fish in the age 
group class III and older fish grew slower in the reservoir 
than in the river. Meyer (1962) referred to evidence pre-
sented by Hall and Jenkins (1953) and Finnell (1956) that 
4'i 
the golden redhorse was better adapted to a river habitat than 
that of a lake. Krumholz (1956) found that the growth rate of 
the redhorse suckers seven years after the creation of White 
Oak Lake showed a steadily decreasing growth rate. However, 
the effect of a polluting radiation source could not be 
separated from the effect of the impoundment. It can be 
assumed that the creation of any reservoir increases food 
availability and therefore increases growth until the higher 
levels of nutrients are used up. 
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